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Abstract
Intraductal carcinoma (IDC) is a rare salivary gland tumor that is considered analogous to ductal carcinoma in-situ of the 
breast, demonstrating a complex neoplastic epithelial proliferation surrounded by a continuous layer of presumed non-neo-
plastic myoepithelial cells. It is subcategorized into intercalated duct, apocrine, and hybrid subtypes based on morphologic 
and immunohistochemical features, with frequent NCOA4-RET and TRIM27-RET fusions, respectively, seen in intercalated 
duct and hybrid tumors. However, as an expanding clinicopathologic spectrum of IDC has been documented, controversy 
has emerged as to whether this tumor type is best defined by its intraductal growth pattern or distinctive molecular and 
immunophenotypic differentiation. Here, we further explore the nature of IDC by evaluating four cases that arose within 
intraparotid lymph nodes. These intercalated-duct phenotype tumors with diffuse S100 protein expression demonstrated a 
crowded and complex epithelial proliferation arranged in cystic, cribriform, and micropapillary architecture, surrounded by 
an intact myoepithelial cell layer, and were completely intranodal. Of two tumors with tissue available for molecular analy-
sis, one demonstrated a NCOA4-RET fusion and one harbored a STRN-ALK fusion that is novel to IDC. Not only does the 
intranodal presence of IDC present a challenging differential diagnosis, but the complex nature of this proliferation within 
lymph node tissue raises questions as to whether the myoepithelial component of IDC is actually non-neoplastic in nature. 
Furthermore, identification of a STRN-ALK fusion expands the genetic spectrum of IDC and adds to evidence of an emerg-
ing role for ALK in salivary gland tumors. Further attention to the nature of the myoepithelial cells and documentation of 
alternate fusion events in IDC may inform continued discussion about its appropriate classification.

Keywords  Salivary gland neoplasms · Intraductal carcinoma · Intranodal tumors · NCOA4-RET · STRN-ALK

Background

Intraductal carcinoma (IDC) is a rare salivary gland neo-
plasm that had previously been termed low-grade sali-
vary duct carcinoma and low-grade cribriform cystade-
nocarcinoma [1–5]. Conceptually regarded as similar to 
ductal carcinoma in-situ or atypical ductal hyperplasia 
of the breast, IDC is defined by an expansile neoplastic 
epithelial proliferation surrounded by a continuous layer 
of myoepithelial cells presumed to be non-neoplastic. It 
usually demonstrates low-grade cytology and indolent 
behavior, although high-grade examples and overtly inva-
sive growth can rarely be seen [6–9]. Recent studies have 
placed IDC into at least three variants based on morphol-
ogy and immunohistochemistry: the intercalated duct-like 
type, which is positive for S100 protein and SOX10; the 
apocrine type, which expresses AR and GCDFP; and a 
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hybrid or mixed type which demonstrates both interca-
lated duct-like and apocrine features [7–10]. Emerging 
molecular data suggests that these variants also have dis-
tinct molecular profiles, with recurrent NCOA4-RET rear-
rangements in the majority of cases with intercalated duct 
differentiation, TRIM27-RET fusions in cases with hybrid 
features, and a complex genetic profile including HRAS 
and PIK3CA hotspot mutations in the apocrine type [7–9, 
11–14].

These divergent molecular findings, as well as increas-
ing understanding of the clinicopathologic spectrum of 
IDC, have engendered controversy regarding its classifi-
cation. While most cases that show intercalated duct dif-
ferentiation and NCOA4-RET mutations do demonstrate an 
intact surrounding myoepithelial layer diagnostic of IDC, 
several cases with similar morphologic and immunohis-
tochemical findings have been documented with widely 
invasive growth including lymph node metastasis [7–9]. 
Skalova, et al. proposed that this subtype of IDC should 
be renamed “intercalated duct carcinoma” to account for 
this variability, with further designation of non-invasive 
or invasive types, and mixed apocrine features [7]. Fur-
thermore, although the purely apocrine subtype of IDC 
has an excellent prognosis in the absence of high-grade 
cytology or invasive growth, its molecular profile demon-
strates more similarities to salivary duct carcinoma (SDC) 
than other IDC variants [15–17]. Both Bishop, et al. and 
Hsieh, et al. recently argued that these findings make low-
grade apocrine IDC distinct from tumors with intercalated 
duct-like features, although its relationship to high-grade 
apocrine IDC and SDC remains clouded [11, 13].

Additional evaluation of morphologic and molecular 
variability in the IDC spectrum has the potential to fur-
ther refine our evolving understanding of this tumor type 
and to inform ongoing discussion about its optimal tax-
onomy. One unique finding briefly noted in an early series 
of IDC was a tumor centered in an intraparotid lymph 
node with focal extension into adjacent salivary tissue 
[4]. Two similar case reports of intranodal IDC have been 
published [18, 19]. Given that several other benign and 
malignant salivary tumor types are known to rarely arise 
within intraparotid lymph nodes [20–24], it is tempting 
to regard this growth pattern as little more than a histo-
logic curiosity and potential diagnostic pitfall. However, 
extensive involvement of lymph node parenchyma by IDC 
raises fundamental questions about the nature of a tumor 
that is currently thought to arise entirely within existing 
salivary ducts. Here, we present a series of four cases of 
IDC involving intraparotid lymph nodes, including one 
that harbored a STRN-ALK fusion novel to this tumor type. 
We discuss the implications of these findings for diagnosis 
and classification.

Methods

After institutional review board approval, we identified 
4 cases of IDC involving lymph nodes from the authors’ 
consultation files, one of which was published previously 
[19]. We reviewed all available histologic sections for each 
case and identified the morphologic features. We docu-
mented clinical and demographic information, including 
any available follow-up data, for each patient.

We performed immunohistochemistry for S100 protein 
(clone 4C4.9; prediluted; Ventana Medical Systems, Tuc-
son, AZ), smooth muscle actin (clone 1A4; prediluted; 
Ventana), and either p40 (clone BC28; 1:100 dilution, 
BioCare Medical, Concord, CA) or p63 (clone 4A4; pre-
diluted; BioCare) on all cases. We also performed Cam 5.2 
(clone Cam 5.2; prediluted; Ventana) on 2 cases that had 
tissue available. Staining was performed on 4 μm whole-
slide sections using standardized automated protocols on 
Ventana BenchMark Ultra autostainers (Ventana) in the 
presence of appropriate controls.

On 2 cases that had sufficient tissue available, we also 
performed fluorescence in-situ hybridization (FISH) for 
RET rearrangement utilizing a dual color DNA probe 
set (Agilent Technologies, Inc., Santa Clara, CA) that 
hybridizes to each end of the RET gene in chromosome 
band 10q11.21, according to manufacturer’s instructions. 
A total of 200 interphase nuclei within an area of tumor 
were manually enumerated, with separation of the 5′ and 
3′ signals in greater than 10% of cells considered positive 
for RET rearrangement.

We also performed targeted RNA sequencing (RNA-
seq) on these 2 cases as described previously [25]. Briefly, 
whole-slide tissue sections were cut at 10 μm, and Qiagen 
AllPrep kits (Qiagen, Germantown, MD) were used for 
RNA isolation. A sequencing library was generated using 
a modified TruSight RNA Pan-Cancer kit (Illumina, San 
Diego, CA) with 1425 genes. Sequencing was performed 
on the NextSeq 550 (Illumina, San Diego, CA) with a min-
imum of 6 million mapped reads. Fusions are called using 
the Star-Fusion algorithm [26]. All fusions were manu-
ally reviewed via the Integrated Genomics Viewer (Broad 
Institute, Cambridge,MA).

Results

Clinical and demographic information is summarized in 
Table 1. The four cases of IDC were from three females 
and one male with a median age of 73  years (range 
59–84 years). All patients initially presented with a mass 
or slow-growing swelling in the parotid region and under-
went surgical resection. The tumors had an average size 
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of 3.2 cm (range 1.2–5.3 cm). While two tumors were 
prospectively diagnosed as IDC involving intraparotid 
lymph nodes, one was initially called atypical papillary 
cystadenoma and one was initially diagnosed as carci-
noma ex-lymphadenoma. Neither of the two patients with 
follow-up information available developed recurrence or 
metastasis, with one patient having no evidence of disease 
at 20 months and one patient dead of unrelated causes at 
44 months.

Histologically, all four lesions were well-circumscribed 
(Fig. 1a) and demonstrated dense lymphoid stroma with 
recognizable underlying architecture diagnostic for a true 
lymph node, namely an intact capsule, subcapsular and 
medullary sinuses, and sinus histiocytes (Fig. 1b). Benign 
salivary epithelial inclusions were identifiable within the 
lymph nodes adjacent to the tumor in three cases, in a pre-
dominantly paracapsular distribution (Fig. 1c). All four 
lymph nodes contained a complex epithelial proliferation 
composed of tubules, nests, cribriform sheets (Fig. 1d), and 

Table 1   Clinical and demographic information of intranodal salivary gland IDC

F female; M male; DUC dead of unrelated causes; LN lymph node; NA not available; NED No evidence of disease

Case Age Sex Presentation Size (cm) Original diagnosis Follow-up

1 59 F Left parotid mass 3.5 Intraductal carcinoma arising in an intraparotid LN NA
2 68 M Right parotid mass 2.8 Carcinoma ex-lymphadenoma DUC at 44 months, NED
3 80 F Left parotid mass 1.2 Atypical papillary cystadenoma NA
4 84 F Slow-growing parotid swelling 5.3 Intraductal carcinoma arising in an intraparotid LN NED at 20 months

Fig. 1   The tumors were well-
circumscribed and consisted of 
a complex epithelial prolif-
eration embedded in dense 
lymphoid stroma (a, 2x). A 
well-developed lymph node 
capsule with sinus histio-
cytes was recognizable at the 
periphery of all lesions (b, 10x). 
Benign salivary inclusions were 
also present within the lymph 
node parenchyma adjacent to 
the tumor cells in three cases (c, 
10x). Tumors showed a variety 
of architectural patterns, includ-
ing cribriform (d, 20x), cystic, 
and micropapillary growth (e, 
20x). Tumor cells were bland 
with a moderate amount of 
eosinophilic cytoplasm and oval 
nuclei with delicate chromatin 
and inconspicuous nucleoli (f, 
40x)
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micropapillary structures with extensive interanastomosing 
cyst formation (Fig. 1e). While no stromal desmoplasia or 
hyalinization was noted, the tumors had a crowded and irreg-
ular configuration without a clear lobulated growth pattern. 
In one case, this proliferation extended beyond the lymph 
node parenchyma to focally involve surrounding tissue. 
The tumor cells had abundant eosinophilic to amphophilic 
cytoplasm with bland oval nuclei that demonstrated delicate 
chromatin and indistinct nucleoli (Fig. 1f).

The results of ancillary studies are tabulated in Table 2. 
Immunohistochemical stains confirmed the diagnosis of 

salivary gland IDC in all cases (Fig. 2a). The luminal cells 
in all four tumors were diffusely positive for S100 protein 
(Fig. 2b), consistent with an intercalated duct-type pheno-
type. They also showed a continuous peripheral myoepithe-
lial layer throughout, as highlighted by abluminal positivity 
for p63 or p40 (Fig. 2c) and SMA (Fig. 2d). In two cases 
that had tissue available for staining (Fig. 2e), low-molec-
ular weight cytokeratin Cam 5.2 highlighted extrafollicu-
lar reticulum cells within the background lymphoid stroma 
(Fig. 2f), confirming the presence of true lymph node archi-
tecture [27].

Table 2   Ancillary testing of 
intranodal salivary gland IDC

FISH Fluorescence in-situ hybridization; NA not available

Case S100 protein p63/p40 SMA Cam 5.2 RET FISH RNA sequencing

1 Diffuse Peripheral Peripheral NA NA NA
2 Diffuse Peripheral Peripheral Extrafollicular reticulum cells Positive NCOA4-RET
3 Diffuse Peripheral NA NA NA NA
4 Diffuse Peripheral Peripheral Extrafollicular reticulum cells Negative STRN-ALK

Fig. 2   Immunohistochemistry 
confirmed classification as the 
intercalated duct subtype of 
IDC (a, 20x), with tumor cells 
diffusely positive for S100 
protein (b, 20x) and an intact 
myoepithelial layer, positive 
with p40 (c, 20x) and SMA (d, 
20x). Immunohistochemistry 
demonstrated that the lymphoid 
stroma represented lymph node 
parenchyma rather than tumor-
associated lymphoid prolifera-
tion (e, 20x) with positivity for 
low molecular-weight cytokera-
tin Cam 5.2 in extrafollicular 
reticulum cells (f, 20x)
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Tissue was also available for molecular testing in two 
cases. FISH highlighted RET rearrangement in 23.5% of 
cells in one case, which was subsequently shown to harbor 
an NCOA4-RET fusion by RNA-Seq. The canonical fusion 
breakpoints included exons 1–8 of NCOA4 and exons 12–20 
of RET. The other case was negative for RET rearrangement 
by FISH, and demonstrated an alternate STRN-ALK fusion 
by RNA-Seq. The fusion breakpoints included exon 3 of 
STRN and exon 20 of ALK. Neither case demonstrated any 
other fusions.

Discussion

IDC is a rare salivary gland neoplasm that is defined by 
expansile epithelial growth within an intact myoepithelial 
layer. It is currently subcategorized into at least three vari-
ants—intercalated duct-like, apocrine, and hybrid—on the 
basis of morphologic and immunohistochemical features. 
However, as recent publications have better characterized 
this unique tumor type at a clinicopathological and molecu-
lar level, controversy has ensued as to whether IDC is best 
classified as a single entity based on its intraductal growth 
pattern or whether its divergent intercalated duct and apo-
crine differentiation should result in two separate diagnostic 
categories. Here, we further explore the characteristics and 
classification of this tumor type by evaluating four cases 
of IDC that arose within intraparotid gland lymph nodes, 
including one case with a STRN-ALK fusion novel to this 
entity.

First, the findings in this series confirm previous case 
reports that a subset of IDC truly do arise within the paren-
chyma of intraparotid lymph nodes [4, 18, 19]. While the 
presence of dense lymphoid tissue intermixed with the IDC 
cells raised consideration of tumor-associated lymphoid 
proliferation (TALP), which has previously been described 
adjacent to IDC [28], all four tumors described here dem-
onstrated well-developed lymph node architecture, includ-
ing an intact capsule and sinuses with sinus histiocytes. 
Moreover, immunohistochemistry for low-molecular weight 
cytokeratin performed on two cases highlighted extrafollicu-
lar reticulum cells, confirming that the lymphoid tissue rep-
resented true lymph nodes rather than TALP [27]. With this 
unique intranodal growth pattern, IDC joins a wide range of 
benign and malignant salivary tumors, including pleomor-
phic adenoma, Warthin tumor, mucoepidermoid carcinoma, 
and acinic cell carcinoma, that have all been reported to 
occasionally arise within lymph node parenchyma [20–24]. 
In these other tumor types, the ectopic salivary tissue that 
is frequently seen within intraparotid lymph nodes is specu-
lated to give rise to the intranodal location [29–31]. The 
presence of benign salivary inclusions adjacent to the tumor 
in three of our IDC cases further supports this interpretation.

Of course, the presence of IDC within lymph node paren-
chyma raises a broad differential diagnosis including entities 
that do not usually overlap with this tumor type. In gen-
eral, the main diagnostic considerations for IDC include 
secretory carcinoma and SDC, which, respectively, show 
morphologic and immunohistochemical overlap with the 
intercalated duct-like and apocrine variants. Not only must 
these entities still be distinguished from intranodal IDC via 
recognition of its myoepithelial component, but involvement 
of lymph node parenchyma must not be misinterpreted as 
metastatic disease. However, intranodal IDC also needs to 
be differentiated from benign neoplasms that are defined 
by their dense lymphoid stroma. The presence of promi-
nent cystic and papillary architecture raises consideration 
of Warthin tumor. However, IDC lacks the perfectly paired, 
well-organized oncocytic bilayer seen in Warthin tumor 
and shows well-developed myoepithelial (rather than sim-
ply basal) differentiation in its abluminal cells. Additionally, 
areas of nested growth within lymphoid stroma raise consid-
eration of a non-sebaceous lymphadenoma. IDC generally 
shows more complex microcystic and micropapillary archi-
tecture than is acceptable in lymphadenoma and lacks areas 
of overt squamous differentiation. Moreover, a well-defined 
layer of myoepithelial cells is not present in lymphadenoma.

More importantly, the complex architecture of the pro-
liferation within these intraparotid lymph nodes also raises 
fundamental questions about the nature of the myoepithelial 
cells in IDC. Since its initial description, the characteristic 
expansile epithelial proliferation in IDC has been compared 
to ductal carcinoma in-situ or atypical ductal hyperplasia of 
the breast, with the surrounding myoepithelial layer assumed 
to be non-neoplastic [1–5]. While the morphologic parallels 
between these entities are undeniable, it must be pointed out 
that several other salivary tumor types, including adenoid 
cystic carcinoma, epithelial-myoepithelial carcinoma, and 
pleomorphic adenoma are composed of biphasic tumor 
cell populations that include neoplastic myoepithelial cells. 
Despite their probable origin from salivary inclusions in the 
lymph nodes, intranodal IDC show greater architectural con-
fluence and crowding than can easily be accounted for by 
simple colonization of these scant remnant ducts and even 
acini. Intuitively, it seems virtually inconceivable that the 
sheer number of myoepithelial cells demonstrated in these 
tumors (which ranged up to 5.3 cm) could ever be present 
within benign lymph node epithelial inclusions, which are 
almost always less than a few millimeters. This apparent 
disconnect raises the possibility that the myoepithelial 
component of the intercalated duct variant of IDC could be 
neoplastic as well. Further molecular investigation of the 
origin of these myoepithelial cells may be informative when 
assessing whether the IDC terminology, or proposed variants 
thereof, is truly appropriate for this tumor type.
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Identification of a novel STRN-ALK fusion in one of the 
cases in this series also expands the genetic spectrum of 
salivary gland IDC. As noted above, the molecular profile 
of IDC appears closely linked to its histologic subtype. The 
majority of IDC with intercalated duct-like differentiation 
have recently been shown to harbor recurrent NCOA4-RET 
fusions, which can produce false-negative FISH results 
because they involve a subtle intrachromosomal inversion 
that is easily missed [7–9, 12, 13]. One of the intranodal 
IDC in this series did demonstrate this characteristic fusion. 
TRIM27-RET fusions have also been reported as a recur-
rent genetic event in a few cases of IDC, occurring in those 
tumors with hybrid intercalated duct and apocrine features 
[7, 8, 14]. Meanwhile, IDC with pure apocrine differentia-
tion often show more complex genetic profiles with multiple 
mutations including PIK3CA and HRAS hotspot mutations 
that overlap with those seen in SDC [9, 11, 13]. Only rare 
cases with alternate fusions have been reported to date, 
including a TUT1-ETV5 fusion in a tumor with intercalated 
duct-like differentiation and a KIAA1217-RET fusion in a 
tumor with hybrid intercalated duct and apocrine features 
[7]. The STRN-ALK fusion identified in this series represents 
a third alternate fusion event in the intercalated duct-like 
variant of IDC. Identification of ALK rearrangement in a 
tumor that shows well-developed morphologic and immuno-
histochemical features of the intercalated duct-type variant 
of IDC adds to increasing evidence that this tumor cannot 
be entirely defined by one or two fusions.

This finding also expands the small but emerging role for 
ALK fusions in salivary gland carcinomas. Given that RET 
and ALK rearrangements play an interchangeable oncogenic 
role in several tumor types, including papillary thyroid carci-
noma and lung adenocarcinoma, it is not entirely surprising 
that an ALK fusion can drive IDC as well. Indeed, a STRN-
ALK fusion was initially reported as a recurrent genetic event 
in papillary thyroid carcinoma, where it is associated with 
aggressive behavior [32–35]. The same fusion has since 
been documented to occur in lung adenocarcinomas, colon 
adenocarcinomas, renal cell carcinomas and pancreatic 
intratubular papillary neoplasms [36–40]. Although ALK 
involvement has never previously been reported in IDC, 
ALK rearrangements have recently been identified in a few 
other salivary carcinomas, including one case of secretory 
carcinoma with a CTNNA1-ALK fusion and two cases of 
SDC with HNRNPH3-ALK and EML4-ALK fusions [16, 
41]. Examples of SDC reported with NCOA4-RET fusions 
have previously been speculated to represent the high grade 
end of the spectrum of tumors with intercalated duct-like 
differentiation [7]; it is possible that these SDC with ALK 
fusions may be part of a similar phenomenon. Regardless, 
evaluation for ALK as well as RET fusions in rare cases of 
IDC with aggressive disease may allow for additional tar-
geted therapy options.

In summary, this study highlights a series of IDC that 
demonstrate intercalated duct-type differentiation and arise 
within the parenchyma of intraparotid gland lymph nodes. 
The presence of a complex epithelial and myoepithelial pro-
liferation involving lymph node tissue in these cases not only 
presents a challenging differential diagnosis that includes 
benign and malignant entities, but it also raises questions 
as to whether the myoepithelial component of IDC is actu-
ally non-neoplastic in nature. This study also reports the 
first case of IDC with a STRN-ALK fusion. The presence of 
this alternate rearrangement confirms that IDC cannot be 
entirely defined by specific molecular events and expands 
an emerging role for ALK in salivary gland tumors. Further 
attention to molecular findings within the myoepithelial cells 
and documentation of alternate fusion patterns may inform 
continued discussion about the appropriate classification of 
IDC.
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